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INTRODUCTION
A TTENTION deficit hyperactivity disorder (ADHD) is the most frequently identified psychiatric condition in children. It includes behaviors that seem to impair performance in social skills, self-control, and time management; such impairments can interfere with an individual's ability to succeed socially in terms of relationships or a career (Barkley 1990 (Barkley , 1997a Castellanos 1997; Goldman et al. 1998) . ADHD is usually passed from parent to offspring, with heritability averaging 0.80 (Barkley 1997b), and it has been identified in 3 to 9% of the population (Richters etal. 1995) . Hartmann (1993) , Jensen et al. (1997b) , and Shelley-Tremblay and Rosen (1996) assert that ADHD's especially high heritability for a behavioral disorder and its relatively high occurrence imply that it was selectively advantageous, particularly in prehistoric environments. Hartmann argues that individuals with ADHD share behavioral traits with "hunters," while individuals without the disorder share traits with "farmers." Shelley-Tremblay and Rosen do not feel that the demands of hunting were sufficient to explain the behavioral configuration typical of ADHD; they note that, given certain ancestral scenarios, an increase in aggression and the tendency to hypervocalize and be more physically and verbally "connected" to mother, could also be favored.Jensen et al. propose that typical ADHD symptoms are part of a "response-ready" behavioral configuration that would have been superior to a more thoughtful, slower acting, "problemsolving" mind-set in the ever-changing environments typical of the Pleistocene.
These models are provocative, but our premise is that the underlying assumptions are flawed, and that ADHD behaviors are not particularly advantageous in any setting. Because many genes are likely to be involved (Levy et al. 1997 ), the disadvantage is analogous to being short rather than tall when trying to obtain jobs where height is an advantage. Individuals with ADHD are not missing any cognitive features typical of human beings. They do seem, however, to be less effective in the implementation, control and monitoring of those cognitive processes.
Barkley (1997b) reviews a broad range of studies and contends that there is one primary disability-poor behavioral inhibition-that is the central impairment in individuals with ADHD; this impairment results in deficiencies in self-control. Human beings exhibit relatively sophisticated levels of self-regulation, which is evident in the way individuals are able to temper or postpone actions or responses until they have reflected upon the past and anticipated the future. This self-regulation is also informed by the actions and motives of others. Our conclusion is that the ultimate source of the most recently evolved refinements in inhibition skills lies in the selective pressures that have added successive layers to human communication (Corballis 1999). Once the human brain made the connection between referent and symbol, a selectively favored feedback system was set in motion (Deacon 1997). The resulting chain reaction favored a unique information exchange system that permitted increasing sophistication in manipulating the physical and social environments, one that also demanded increasing abilities in self-regulation, attention and memory. The idea that unique human cognitive features (and even disorders, e.g., Crow 1997) are a side effect of the development of the human communication system is not a new one (e.g., Vygotsky 1934; Bronowski 1977; Berk 1992). We will argue that self-inhibition or self-control is so closely intertwined with the most recently evolved aspects of language that many of the disorders that associate (are comorbid) with attention deficit disorder reflect an underlying set of interconnected neural subsystems. The objective here is to review the ADHD "selective advantage models," to develop the "side effect of human language evolution model of ADHD" from neurochemistry and neuroanatomy to behavior, and to identify implications for the treatment of people with this "disorder." In order to do this, the nature of ADHD, as it has been characterized in recent editions of APA's The Diagnostic and Statistical Manual of Mental Disorders (DSM-LV) (American Psychiatric Association 1994), will also be briefly reviewed. If individuals with ADHD represent one tail of a normal distribution, then the "pathology" threshold identified by clinicians will vary, depending to some extent on how challenged these individuals are in a particular situation.
IDENTIFICATION OF INDIVIDUALS
WITH ADHD Children tend to be impulsive, physically active, easily bored, and prone to shift activities frequently. When these behaviors are excessive and consistently exhibited in inappropriate settings, however, these individuals are less likely to succeed in a variety of social contexts (Barkley 1997a,b). Those with ADHD have a reduced ability to follow instructions, are less likely to persevere at boring tasks, and are averse to delays (Barkley et al. 1990; SonugaBarke et al. 1992). Their ability to estimate time accurately is diminished, and scheduling problems are so common that those afflicted can be relatively ineffective in achieving future goals (Barkley 1994b). Mental arithmetic. is extremely challenging, and internal verbalization is delayed, producing speech that is often excessive and irrelevant.
The diagnostic tool for recognizing the disorder, the DSM-IV, requires that behaviors such as inattention (e.g., disorganization, forgetfulness, distractibility, poor task persistence), poor impulse control and hyperactivity appear "often" before they can be considered symptoms of ADHD. Barkley (1997b) notes that only 7 to 23% of normal boys and only 4 to 19% of normal girls "often" exhibit any of the symptoms defined by the DSM-IV. No single symptom is sufficient, and at least six or more symptoms must occur "often" on one of two dimensions (inattention or hyperactivity/ impulsivity) for an individual to be diagnosed with the disorder. A pattern must also exist, starting in childhood, that shows up in more than one context and that has led to impairment in a significant aspect of an individual's life (APA 1994:83-85). If the above behaviors are exhibited over a period of six months, three subtypes can then be distinguished. Individuals can exhibit six or more behaviors across both dimensions (combined type), or exhibit six behaviors in only one of the two dimensions (either predominantly inattentive or predominantly hyperactive-impulsive). This variation probably reflects both differential expression along a developmental continuum and an underlying heterogeneity due to complex etiology, supported by the comorbidity of other disorders, such as antisocial behaviors, Tourette syndrome, and learning disabilities (Hallowell and Ratey 1994; Barkley 1997b; Castellanos 1997). Application of the criteria varies, but ADHD appears to be a worldwide phenomenon, since it is found in every location where it has been studied, with occurrence rates ranging from around 2% in the U.S. (with stricter criteria) to 29% in a sample from India (Barkley 1998a).
Studies performed on twins do not support the belief that shared environment has much influence on the occurrence of ADHD (0 to 13%), but there is some indication for variance due to nonshared and nongenetic factors (9 to 20%) (reviewed by Barkley 1998b). Environmental toxins may also play a role in the expression of ADHD, but supporting evidence is limited (Barkley 1997b). Exposure to alcohol and tobacco smoke may also be a factor, but individuals with ADHD use drugs more often than do control samples, so it is not clear whether these behaviors are a cause or an outcome of the disorder (e.g., Milberger et al. 1997) .
Although attention deficit disorder (ADD) and ADHD are relatively new terms (Barklev et al. 1990), the disorder has been recognized for at least 100 years (Hallowell and Ratey 1994) . And even earlier, Shakespeare describes one of the characters in KingHenry VIII as having a "malady of attention" (Barkley 1997b:4). Although clinicians took an interest in the disorder after the early 1900s, most took notice after the encephalitis epidemics of 1917-1918, when the resulting behavioral problems of encephalitis formed a pattern of similar symptoms. This behavioral configuration was initially labeled "brain-injured child syndrome," and later "minimal brain damage," whether or not there was evidence for brain damage (Barkley 1997b:4-9). By the 1960s, investigators focused on the hyperactivity and reduced impulse control, designating the behavior as "hyperkinetic impulse disorder," thought to be caused by overstimulation resulting from inappropriate filtering of incoming messages. By the second edition of the DSM-II (APA 1968), all childhood disorders were considered reactions (hyperkinetic reaction of childhood), brain damage was rejected in its etiology, and evidence of attention deficit and behavioral distractibility were combined with hyperactivity/restlessness symp-VOLUME 75 toms in order to make a diagnosis (Barkley 1997b). In the 1960s, research interest shifted toward impulse control issues (e.g., Douglas 1972 Douglas , 1983 , and the disorder was renamed "attention deficit disorder" (APA 1980). The DSM-III-R (APA 1987) distinguishedAADD with and without hyperactivity, and by the fourth edition of the DSM (APA 1994), the third "combined" designation was added.
Under the current definitions, the disorder first appears between three and seven years of age, lasts into adolescence in about 80% of the cases, and continues into adulthood as much as 66% of the time (Barkley 1997a,b) . The disorder is more common in males, with the ratio of affected males to females ranging from 9:1 to 6:1 in clinic referrals, and about 3:1 in population-based samples (APA 1987; Szatmari 1992 Barkley (1994b) was the first to tie all of the above ideas together into one theory. He points out that reduced control of inhibition interferes with working memory, planning and reflection, and is demonstrated in a slower acquisition of internal speech, so that thoughts and emotions are more likely to be overtly expressed. This disrupts the ability to judge and manage time, or to internally evaluate and execute behaviors designed to accomplish a future goal. He considers individuals with ADHD to be developmentally delayed in the acquisition of these skills, and argues that individuals with ADHD will become somewhat more adept in these areas as they age (but often remain behind their peers). He thus believes that diagnostic criteria should be adjusted for age, and that older individuals previously diagnosed with ADHD may have outgrown the criteria rather than the disorder. In particular, the symptoms of hyperactivity and impulsivity decline dramatically with age, unlike inattention symptoms that change less (Hart et al. 1995) . Again, these trends may be an artifact of inappropriate criteria for different age levels (Barkley 1997b).
Much of the maladaptive behavior is explained as selectively advantageous in ancestral settings. 
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Another more sophisticated version of Hartmann's theory is Jensen et al.'s (1997b: 1675) description of the hypervigilant, high-scanning, impulsive, high-motor-active, "responseready" individual who functions well in unsafe, rapidly changing or novel circumstances. This would be in contrast to the low-motor-active, nonimpulsive, focused, attentive "problemsolver," who does best in safe, unchanging settings.
All authors who place ADHD behaviors in a positive framework imply that there may be many settings where these behaviors were selectively advantageous. Hartmann (1993) captures the essence of the various theories when he argues that ADHD is not a malfunction but a harmonious and functional response to different contexts. The issue under consideration is: how can it be advantageous in any setting to be unable to inhibit a response? Hyperactive children may make choices faster, but they also make more mistakes (reviewed in Sonuga-Barke et al. 1992). Would they make the right choice if stalked by a sabertoothed tiger? Irrelevant hypervocalization would attract a predator, and the reduced ability to read others in social settings might lead to other problems; impaired problem-solving would surely be a handicap over a lifetime. In addition, the slower internalization of speech and reduced capacity for analysis and synthesis (reconstitution) might diminish creativity.
Barkley (1997a,b) argues that all the behavioral correlates of individuals with ADHD reflected in the problem of impaired responses. In other words, an inability to self-regulate effectively underlies the impaired performance of the other "executive functions" originally described by Bronowski (1977). These functions include: prolongation, separation of affect, internalization, and reconstitution. These executive functions cannot be carried out well if the individual is less able to stop, reflect and adapt. Barkley's (1997a,b) more complete model convincingly places behavioral disinhibition as the central disability in individuals with ADHD. The differences in gross neuroanatomy between those with ADHD and unaffected individuals also seem to support a picture of impaired inhibition and attention, but they do not explain the relatively common comorbid conditions. Differences at the neurochemical level may explain these conditions. This scanning or labile attentiveness logically would be derived at the expense of weak spontaneous internal stimuli (noise) arriving from other association areas within the brain, when LC stimulation is not maximal, and weak internal stimuli (noise) are not squelched by norepinephrine. Noise, or weak internal stimuli (arising as endogenous neural activity from a variety of cortical structures), would be required for maximum integration of analytical, creative, and integrative abilities. Such behavior would be viewed externally as stable focus and reliable task performance. The process might be characterized by a mixture of high LC activity, where specific auditory and visual sensory stimuli would be processed, alternating with low LC activity, where weak endogenous neural activity could be integrated. These alternating states of high and low norepinephrine activity would be characterized as phasic (Figure Ib) (Holdefer and Jacobs 
CONDITIONS THAT ARE COMORBID WITH ADHD
Neurotransmitters play central roles in the interconnection of different subsystems in the brain, and it is these interrelationships that likely underlie the common comorbid conditions associated with ADHD and its linkage to language. The underlying physiology that explains why individuals with ADD are, to varying degrees, less adept in aspects of speech production, self-control, and sequencing and ordering of thoughts and behaviors, logically predicts that certain associated behaviors would reflect linked "wiring" features of the brain. First, depending on the severity of the "disability" and the interconnections within specific brains, reduced control should sometimes play out in reduced affective control in regulating aggression, frustration and moods. Second, if the latest fine-tuning of human selfcontrol is a side effect of the evolution of human communication, then some individuals will exhibit speech and language disabilities that extend beyond the typical lag in language development characteristic of individuals with ADHD. The comorbidity patterns clearly support these two assertions.
ADHD Commonly comorbid with ADHD, learning disabilities (LD) are suspected whenever a child's behavior is discrepant, defined as 1 to 2 standard deviations below the mean performance of same-aged children (Beitchman 1985). Many of these learning disabled children will exhibit delays in acquiring language skills which, according to Cantwell et al. (1979) and Cantwell and Baker (1987), place those children at risk for psychiatric problems. They note that 50% of children in speech and hearing clinics have diagnosable disorders according to the DSM-III, and that they are much more likely to have a behavioral disturbance, particularly ADD. Thus, hyperactivity is considered one of several subtypes of learning disabilities, typically found in about 39% of the LD population (e.g., August and Garfinkel 1990). Most clinicians assume that the wellestablished association between ADHD and school failure is largely a result of behavioral issues rather than learning difficulties that extend beyond attention problems (McGee and Share 1988). Cantwell and Baker (1987) compared children with only speech problems, children with only language problems, and those with both speech and language problems, and found that psychiatric disorders were most numerous in children with both speech and language problems. The rates of ADD were highest in children with language problems of any kind.
The relationship between language and psychiatric problems intrigued Beitchman and colleagues, and they proposed (like Cantwell) that both problems probably reflect an overall developmental lag. Beitchman et al. (1987) argued that only some hyperactive children suffer from a language delay that probably reflects overall developmental immaturity. Receptive language is close to grade level, but expressive language is slowed about one year on average. ADD is much higher in language-disordered clinic samples. Love and Thompson (1988) also note that 75% of language-disordered children exhibit ADD, whereas only 66.6% of ADD children are diagnosed with language disabilities.
Research then focused on whether there are "pure" subgroups of hyperactives who exhibit distinctive sets of language and/or learning disabilities (e.g., Tarnowski Buss (1999:400-403) reviews four ways in which dysfunction is erroneously considered to underlie a mental disorder. Evolved functions may be operating normally but result in problems because of: 1) discrepancies in the demands of contemporary life relative to ancestral environments, 2) ordinary errors that accompany routine functioning of a mechanism, 3) perceived suffering even though the mechanism is operating normally, and 4) undesirable behaviors that may result from the operation of normal mechanisms. These possibilities must be ruled out in order to infer dysfunction in terms of Wakefield's model, but all assume that the underlying mechanism is operating normally.
To understand dysfunction, one must determine the evolutionary role of the biological feature in question, an analytical challenge that has been discussed extensively in the literature (e.g., Reeve and Sherman 1993). Learning to read is surely a culturally desired skill, though an inability to read, by itself, is not an obvious example of a harmful dysfunction.
Rather it is more likely that there is an underlying flaw in a mental skill that interferes with the ability to learn to read (Wakefield 1997) ; thus, it is still a disorder. In order to rule out apparent dysfunction that may just reflect contextual influences, the "normal" range of expression for a specific behavioral trait, given individual differences in innate skill, drive and opportunity, must also be delineated. Children who express aggression (and are labeled with oppositional/defiant disorder) may be responding logically and adaptively to a difficult setting (Richters and Cicchetti 1993 ).
An enhanced ability to plan for and carry out goals is obviously adaptive, and has become quite sophisticated. Monkeys and apes have an impressive array of cognitive abilities that distinguish them from most other mammals, but their self-regulatory abilities are only a fraction of those of a typical adult human being (Tomasello and Call 1997). How might language play a role in this ability to self-regulate? Berk and Potts (1991) argue that private speech and its development in individuals is critical for the development of self-control. In 1934, Vygotsky was the first to fully develop the idea that the evolution of language is key to the expansion of the uniquely human mental processes. He was reacting to the writings of his contemporary, Piaget (1926), who coined the term "egocentric speech (ES)," and who believed that ES was self-centered and internally driven rather than sensitive to social context. Piaget concluded ES was not an important aspect of a child's development. By contrast, Vygotsky (Berk 1992:18) considered ES a necessary transition from communicating socially to regulating oneself in order to carry out goals and, thus, ES became the foundation for the more sophisticated cognitive processes that included, for example, selective attention, planning, and self-reflection. The term "egocentric speech" has been replaced by "private speech," and empirical support for his premise is increasing. Vygotsky (1934) suggested that the internal dialogue shifts from speech directed at oneself (that is responsive to social expectations) to a subvocal dialogue that continues to be an important aspect of self-regulation. Private speech may initially be an outlet for stress, but it eventually becomes anticipatory and central to the planning and execution of tasks (Berk 1992). This transition is developmentally deteimined and responsive to social context (e.g., Manning and White 1990). Clinicians in the U.S. have now decided that parenting has less to do with its expression and that genetic factors are largely responsible (reviewed by Hallowell and Ratey 1994). However, preliminary studies clearly support the developmental aspects of private speech and its close relationship to behavioral regulation (e.g., Duncan and Pratt 1997).
Self-inhibition is partly carried out through the regulation of attention, and thus both selfinhibition and attention are complementary. In 1890, James noted that attention involved moving between different threads of consciousness and focusing on one or another in a deliberately conscious way-this means simultaneously suppressing other threads while focusing on one or a few; in other words, inhibition is the other side of attention. Broadbent (1958) emphasized that focusing on one or a few threads might reflect a limited "working memory." Thus, filtering irrelevant from relevant stimuli is partly an adaptation to a limited holding capacity (short-term memory). Language cannot be detached from this process because language mediates how we focus our attention (Logan 1995; Fischler 1998 ). An individual's attention can be focused on some activities, but this focus inevitably occurs at-the expense of others. The addition of language to thisjuggling act must have had a profound impact upon mental function. Both spatial and language tasks require activation of the same attentional areas of the brain (reviewed by Fischler 1998). In trying to complete a task that involves semantic assessment of words, such as generating possible uses of visually presented nouns (for example, an image of a hammer suggesting its use as a pounding tool), the frontal lobe activates well before the parietotemporal areas, which suggests that more automatic responses need to be inhibited before appropriate and original words can be generated (Snyder et al. 1995) . In other words, brain activity varies, depending on whether it is automatic or requires attention. Language processes compete with other cognitive activities for the attentional system, and thus the evolution of language cannot be independent of the evolution of the human attentional system.
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Communicating regularly with strangers in increasingly sophisticated and subtle kinds of social interactions has presented new challenges to the linked systems in the brain that are responsible for the appropriate behaviors. Selection has probably favored those individuals better able to filter the significant from the insignificant and to suppress automatic language responses in order to generate ways of expressing new ideas. Individuals with ADHD have trouble "keeping up," but do their differences in neuroanatomy and biochemistry (and resulting behaviors) reflect normal functioning for what the system was adapted to do, or do they suggest dysfunction? We suggest that ADHD behaviors reflect dysfunction at the biochemical level (minimally), expressed as changes to development and neuroanatomy in ways that impair the cognitive processes that coordinate behaviors for assessing social context and communicating with others. In some cases this impairment is so debilitating that the individual requests or attracts the attention of clinicians.
If ADHD is a disorder of communication, then there are implications for diagnosis and treatment. First, every individual who is identified with this disorder should be tested with a wide battery of instruments. Speech pathologists and educators should always be part of the team since they are better able to evaluate and treat the metacognitive and pragmatic deficits. Second, early diagnosis will lead to earlier intervention so that parents and counselors can find positive ways of interacting with the "difficult" child. Intervention can ameliorate if not eliminate some of the accompanying behavioral problems like aggression or anxiety that are apparently partly triggered or exacerbated by difficult environments. Third, the pragmatic difficulties that individuals with ADI-ID experience should be given more prominence in counseling programs. Being socially inept is not ordinarily considered a clinically relevant issue except in extreme cases, but for many individuals with ADHD, pragmatic deficits may synergistically interactwith and aggravate other behavioral problems, perhaps compounding the physiological deficits.
CONCLUSIONS
The proximate factors affecting the expression of ADHD behaviors seem to center upon difficulties in self-inhibition. The underlying anatomy implicates the prefrontal cortex, basal ganglia and cerebellum, and possibly both the dopaminergic and noradrenergic systems. There is much overlap and coordination between the areas of the brain for both language and attention/inhibition, and the areas of the brain considered to be impaired in individuals with ADHD. The dopaminergic and noradrenergic neurotransmitter systems may be key to understanding the associations between attention/inhibition and many of the comorbid conditions. Individuals with ADHD have maladaptive deficits at the biochemical, anatomical and behavioral levels that, although sometimes subtle, cause problems in a variety of social contexts. The disorder does not represent normal action gone awry. Individuals adapt to their condition with varying degrees of success, but their difficulties fit Wakefield's concept of "harmful dysfunction." More research and clinical attention should be paid to the communicative and comorbid conditions.
